Abstract Previous studies suggest that alcohol consumption and risk of breast cancer may differ by histologic subtype and hormone receptor status, though results are not entirely consistent. In this population-based case-control study, we evaluated the association between alcohol consumption and risk of invasive ductal carcinoma (IDC), invasive lobular carcinoma (ILC), and invasive ductal-lobular carcinoma (IDLC) overall and by estrogen receptor (ER) status, among women aged 55-74 years of age. Using polytomous regression, associations between current alcohol consumption, overall and by type of alcohol, and breast cancer risk were evaluated in 891 controls and 905 IDC, 567 ILC, and 489 IDLC cases. Current alcohol use was moderately associated with risk of ILC (odds ratio = 1.25, 95% confidence interval 0.99, 1.58) with a positive dose-response relationship based on average number of drinks per week consumed (P trend = 0.0005). When further stratified by ER status, alcohol use was positively associated with risk of ER+ ILC (P trend = 0.002) and ER+ IDC (P trend = 0.02), but inversely associated with risk of ER−IDC (P trend = 0.01). No association between alcohol and risk of IDLC tumors was observed. While the link between alcohol consumption and breast cancer risk is well established, our results suggest that the increased risk associated with alcohol is largely limited to ER+ ILC and ER+ IDC. Thus, avoiding or moderating alcohol consumption may be one way that women can lower their risks of these forms of breast cancer.
Introduction
Previous studies have shown that alcohol increases the risk of developing breast cancer with meta-analyses indicating that risk increases 3-10% per 10 g (~1 drink) of alcohol consumed per day [1] [2] [3] [4] [5] . This relationship is thought to be primarily hormonally driven [6] as controlled feeding studies have demonstrated that alcohol metabolism increases estrogen levels in postmenopausal women [7] . However, breast cancer is a heterogeneous disease. Evidence from more recent studies suggests that this association may vary by hormone receptor status and histologic subtype, though there are inconsistencies in the literature [4, [8] [9] [10] [11] [12] . With respect to hormone receptor status, a meta-analysis based on data from 16 case-control and four cohort studies reported that alcohol consumption was associated with a 27% increased risk of ER+ breast cancer, but did not increase risk of ER− breast cancer (P value comparing the risk associated with ER+ vs. ER−/PR− tumors = 0.02) [4] . The association between alcohol consumption and ER+ and ER+/PR+ breast cancers is additionally supported by more recent observational studies [11, 13, 14] .
With respect to histology, approximately 70% of postmenopausal breast cancers in the USA are invasive ductal carcinomas (IDC), while 15-20% are invasive lobular carcinomas (ILC), and~90% or more of all ILCs are ER+ [15] . Relatively few studies have evaluated differences in the association between alcohol use and histologic types of breast cancer. Previous studies have suggested that alcohol use is more strongly associated with risk of lobular cancers than risk of ductal cancers, but most did not find this difference to be statistically significant [9-12, 16, 17] . Fewer studies have assessed the association between alcohol and breast cancer by both histologic and hormone receptor status, but those that did found a stronger association among ER+/PR+ lobular cancers than ER+/PR+ ductal cancers [9, 17] .
Though previous studies suggest that alcohol may be more strongly associated with risk of lobular breast cancer, they have been limited by relatively small numbers of lobular cases, an inability to evaluate risk according to type of alcohol consumed, and the lack of assessment of risk according to both histologic type and hormone receptor status combined. Using a population-based case-control study designed specifically to examine the etiologies of ductal and lobular breast cancer, we evaluated the association between alcohol intake and risk of breast cancer by histologic subtype and ER status.
Materials and Methods
We conducted a large population-based study of breast cancer, which has been previously described, with the goal of evaluating differences in risk factors between ductal and lobular breast cancers [18] . Briefly, women aged 55 to 74 years diagnosed with a primary invasive breast cancer from 2000 to 2008 in the greater Seattle area (King, Pierce, and Snohomish counties) were eligible for this study. Potential cases were identified through the Cancer Surveillance System (CSS), which is a population-based tumor registry serving western Washington State and is a participant in the National Cancer Institute's Surveillance, Epidemiology, and End Results program. Case patients with lobular (ICD-O codes 8520, 8522, and 8524) or ductal (ICD-O code 8500) cancers were identified for recruitment to the study. Pathology reports were centrally reviewed to ensure eligibility criteria were met and histology group was re-categorized as appropriate. Due to the lesser frequency of lobular cancers, all eligible lobular cases were recruited, while a random sample of approximately 25% of ductal cases were recruited to the study. The IDC case group was frequency-matched to the lobular case group based on 5-year age groups for each diagnosis year. Of the case patients identified as eligible for this study, 80% were interviewed (17% refused participation and 3% died before interview). Breast cancer cases with histologic subtypes other than ductal or lobular were excluded from recruitment to this study. Controls living in the greater Seattle area were frequency-matched to lobular cases by 5-year age groups with a goal of 1:1:1 ratio of ductal and lobular cases and controls (69% of eligible controls were interviewed, 31% refused participation). For analytic purposes, we further divided our lobular cases into two groups, invasive lobular carcinomas (ILC) without a ductal component (ICD-O codes 8520 and 8524) and mixed invasive ductal-lobular carcinomas (IDLC) (ICD-O code 8522).
Data Collection
Participants in this study were interviewed in person using structured questionnaires in order to collect information on demographic and lifestyle factors, particularly those with known or suspected associations with breast cancer including reproductive history, medical history and medication use, breast cancer screening, and family history. Information on alcohol use was assessed, both overall consumption and consumption of beer, red wine, white wine, and liquor, individually at a variety of time periods in each participant's life. Information collected was limited to exposures which occurred before each participant's reference date. For breast cancer cases, the reference date was defined as the date of breast cancer diagnosis. Reference dates for controls were assigned based on the expected reference date distribution of case participants. Written, informed consent was obtained from all study participants, and the study protocol was approved by the Fred Hutchinson Cancer Research Center Institutional Review Board.
Statistical Analysis
Our main analysis focused on current alcohol consumption, defined as alcohol use and average number of drinks per week at reference age. Cases and controls were categorized by the average number of drinks per week consumed, both overall and by type (beer, red wine, white wine, and liquor). Participants were excluded from the analyses if they were missing data on alcohol use at reference (n = 34; 11 IDC cases, 7 ILC cases, 4 IDLC cases, and 11 controls). The present analyses include 905 IDC cases, 567 ILC cases, 489 IDLC cases, and 891 controls.
Using polytomous regression, we calculated odds ratios (ORs) and their associated-95% confidence intervals (CIs) to compare IDC, ILC, and IDLC cases with controls for current alcohol intake (overall and by type of alcohol). Current alcohol intake was defined as alcohol use at the time of breast cancer diagnosis. Data on amount of alcohol consumed was only assessed for current drinkers. IDLC cases were found to differ from IDC and ILC cases in terms of the relationship between risk and alcohol use and were, therefore, treated as a separate group for all analyses. Controls were frequencymatched to cases based on age at reference, reference year, and county of reference, and these factors were additionally controlled for in all models. Effect modification by BMI (<25, ≥25), smoking status (never, ever), and use of menopausal hormone therapy (never/former use, current estrogen only, current estrogen and progestin) were considered; however, no statistically significant effect modification was observed using likelihood ratio tests (P values >0.05). Variables listed in Table 1 , including demographic factors and known breast cancer risk factors, were assessed as potential confounders but no variables were found to change our effect estimates by more than 10% and were therefore not included in the final model. P values for trends were calculated using continuous variables and a cutoff cases, we did not evaluate ER-ILC (n = 15) or ER-IDLC (n = 13) cases.
Results
Controls and IDC, ILC, and IDLC cases were similar with respect to age distribution, highest education level attained, smoking status, age at menarche, and duration of oral contraceptive use (Table 1) . Controls and IDC cases were more likely to be obese (BMI ≥30). All cases were slightly more likely to have a family history of breast cancer, to be current smokers, to be older at age of first live birth or nulliparous, and to be using HRT (both estrogen and progestin) at reference compared to controls. Current alcohol use at reference was moderately associated with risk of ILC (OR = 1.25, 95% CI 0.99, 1.58) but not with risk of IDC or IDLC (Table 2 ). When number of drinks per week among current drinkers was evaluated, a dose-response relationship was observed between average number of drinks per week at reference and risk of ILC (P trend = 0.0005; ≥7 drinks/week compared to never drinkers OR 1.52, 95% CI 1.11, 2.07). We further evaluated average weekly alcohol intake at reference by type of alcohol among current drinkers. Compared to never drinkers, 4+ liquor drinks per week was significantly associated with ILC (OR = 2.05, 95% CI 1.25, 3.34, P trend = 0.0008) and IDC (OR = 1.66, 95% CI 1.06, 2.61, P trend = 0.02). Beer, red wine, and white wine intake of 4+ drinks were all associated with a moderately increased risk of ILC (P trend = 0.08, 0.09, 0.08, respectively). No associations were observed for beer, red wine or white wine intake, and risk of IDC or IDLC subtypes. Analyses evaluating lifetime alcohol use or alcohol use in the 5 years prior to the reference date yielded similar results as those for current alcohol use.
Analyses evaluating current alcohol use were further stratified by ER status (Table 3) . We observed a positive association between alcohol use and risk of ER+ ILC (≥7 drinks compared to never drinkers: OR = 1.47, 95% CI 1.07, 2.01; 
Discussion
These data support previous studies and add to the epidemiological evidence that the association between alcohol consumption and risk of breast cancer varies by histologic subtype and ER status. Our results suggest that alcohol consumption (4+ drinks/week), particularly liquor, was associated with an increased risk of ILC. Alcohol consumption was significantly associated with increased risk of ER+ ILC. Alcohol consumption was associated with an increased risk of ER+ IDC and a decreased risk of ER-IDC. Liquor consumption (4+ drinks/week) was also significantly positively associated with risk of IDC. It is well established that increased estrogen levels are associated with increased risk of breast cancer, and studies have shown that alcohol metabolism can increase estrogen levels [19] . A review of the effect of alcohol consumption on hormone levels concluded that natural or synthetic estrogen levels rise in response to alcohol consumption [7] . Compared to IDC tumors, ILC tumors are more commonly ER+ [20] which offers a potential mechanism for the stronger association with ILC cancers. This is further supported by evidence from previous studies showing an association between postmenopausal hormone therapy and risk of ILC [21, 22] .
Our study supports the findings of previous studies which have observed that alcohol use is more strongly associated with ILC than IDC; risk estimates from other studies ranged from 1.52-3.30 [9-12, 16, 17] and our results fell well within this range. Most of these studies also observed significant associations for IDC, though effect estimates were generally smaller in magnitude compared to ILC [10-12, 16, 17] ; risk estimates varied from 1.06-2.21, similar to what was observed in this study. Consistent with previous studies evaluating the role of histologic subtype and hormone receptor status, our results showed that alcohol consumption was associated with a significantly increased risk of ER+ ILC and with a more moderately increased risk of ER+ IDC. A cohort study observed a significant association between alcohol and ER+/ PR+ ILC and ER+/PR+ IDC; however, after multivariable adjustment, the latter was no longer statistically significant [9] . In the Nurses' Health Study cohort, the risk estimates for ER+/PR+ IDC and ER+/PR+ ILC were similar in magnitude to those observed in our study for ER+ IDC and ER+ ILC [17] . In that study, statistical heterogeneity in risk estimates was not observed by histologic subtype overall (P heterogeneity = 0.11), but heterogeneity was observed when t h e a n a l y s e s w e r e l i m i t e d t o E R + / P R + c a s e s (P heterogeneity = 0.02) [17] . In our study, we observed a statistically significant association between liquor consumption and risk of ILC and IDC (P trend = 0.0008 and 0.02, respectively). Risk estimates for red wine, white wine, and beer (4+ drinks/week) for ILC were weaker than the risk estimate observed for liquor (OR = 2.05) and the linear trends were moderately significant (P trend = 0.09, 0.08, and 0.08, respectively). Very low frequencies of high beer consumption in our population may have limited our ability to detect a statistically significant association between beer consumption and risk of breast cancer by histologic type. Two previous studies were identified that evaluated the association between breast cancer subtypes and consumption of different types of alcohol (e.g. beer, wine, and liquor). Neither study noted statistically significant differences in risk by type of alcohol consumed [9, 12] . Two previous studies which assessed the association between alcohol and ER-IDC found no association between alcohol and risk of ER−/PR-IDC [8, 11] .We observed an inverse association between alcohol intake and risk of ER-IDC; however, results are difficult to interpret given the small number of current drinkers with ER-IDC (n = 63). This may be additional evidence that alcohol acts through a hormonal mechanism, but other non-hormonal pathways may also play a role, such as carcinogenic effects of alcohol and DNA damage [4, 23, 24] . Further studies are needed which are better able to assess these associations by alcohol type and additionally evaluate the association by hormone receptor status. Interestingly, we did not observe an association between alcohol consumption and breast cancers with IDLC histology, even when only ER+ IDLC tumors were evaluated. These findings support the hypothesis that non-hormonal mechanisms may also play a role in the association between alcohol and breast cancer risk [4] . Alcohol has been shown to have toxic effects, and it has been suggested that these effects are mediated by DNA damage, which is a potential mechanism for increased cancer risk [23] . Scientific evidence supports potential non-hormonal mechanisms of alcohol and breast cancer risk through mutagenesis by acetaldehyde and by induction of oxidative damage [25] . Our results also suggest that the association between alcohol and IDLC tumors may differ from IDC and ILC and should potentially be considered as a separate subtype. Most previous studies assessing the association between alcohol consumption and risk of breast cancer by histologic or hormone receptor status have combined ILC cases and IDLC cases for analysis. Three other studies were identified which analyzed IDLC cases as a separate subtype. Similar to our findings, one study, including 424 postmenopausal IDLC cases from the National Institutes of Health-AARP Diet and Health Study cohort, observed no association between alcohol use and risk of IDLC breast cancer [11] . However, the two other studies found significant associations. A study from the PLCO cohort, which included 109 postmenopausal IDLC cases, found a significant increased risk for IDLC tumors, both overall and when limited to ER+/PR+ tumors [8] . Another study, including 261 IDLC cases from the Women's Contraceptive and Reproductive Experiences Study, observed a significant increased risk only among postmenopausal IDLC cases, but not among premenopausal cases [16] . Further studies are needed to better understand this inconsistency.
This study has several noteworthy strengths. This study had a large sample size, comprehensive collection of alcohol use and other breast cancer risk factors, and histology of breast cancer was determined by centralized review of pathology reports. The study design and large sample size allowed for our analyses to evaluate ILC and IDLC cases separately; it also allowed for analysis by type of alcohol consumed. Current alcohol consumption in our population was common among cases (52.7%) and controls (49.6%). There is potential for recall bias in our case-control study; however, our analysis focused on current alcohol use minimizing exposure misclassification. It is also unlikely that there was differential recall among cases by breast cancer histologic subtypes. We found similar associations as those reported here for lifetime alcohol use and alcohol use in the 5 years prior to the reference date. However, it is possible that current alcohol use factored into the recall of previous drinking habits leading to similar associations. The generalizability of this study is high given the case-control study design and high response rates of cases and controls. Although controls had a lower response rate than cases which could result in selection bias, controls who were current drinkers would have had to selectively refuse to participate which is unlikely.
In summary, our results suggest that the association between alcohol consumption and breast cancer varies by histologic subtype and ER status. Evidence of a hormonal mechanism was supported; however, more studies are needed to further evaluate this association and potentially show other mechanisms which may mediate the observed association. These findings offer some understanding of etiological differences of breast cancer by subtype and further indicate differences in risk factor profiles by breast cancer subtype. A better understanding of risk profiles allows for personalized approaches to breast cancer prevention.
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